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PREFACE 
This study was sponsored cooperatively by the Natural Resource 
Economics Division, Economic Research Service, U.S. Department of 
Agriculture, and the Center for Agricultural and Rural Development at 
Iowa State University. Some data are taken from a previous coopera-
tive study of the Iowa-Cedar Rivers Basin conducted by several agencies 
of the U.S. Department of Agriculture. We are indebted to the Iowa-
Cedar Rivers Basin Field Advisory Committee for making these data avail-
able. Specific thanks go to Paul Rosenberry and colleagues in the 
Natural Resource Economics Division. Our thanks also go to Wilson T. 
Moon, Bill Brune, Bob Boyce, Ed Burr, Russell Knutson, and the members 
of the River Basin Party of the Soil Conservation Service, U.S. Depart-
metn of Agriculture, Des Moines. 
Iowa State University staff members contributed to this study. 
John Highland, Harold Stockdale, and Regis Voss provided valuable input 
data. Jim Baker, Howard Johnson, Larry Whiting, and John Miranowski 
gave review comments. Of course, the traditional proviso applies, 
namely that the advice of any contributor does not implicate him in the 
responsibility for the results and conclusions of this study; that 
responsibility is ours. 
The authors 
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ECONOMICS AND THE ENVIRONMENT: IMPACTS OF EROSION RESTRAINTS 
ON CROP PRODUCTION IN THE IOWA RIVER BASIN 
1 2 Klaus Alt and Earl 0. Heady 
I. INTRODUCTION 
This study simulates the effects of various strategies to control 
excess erosion and sedimentation from field crop production in a water-
shed of the Iowa River in East-Central Iowa. These effects are simulated 
with the aid of a linear programming model. 
Complicated environmental processes, such as erosion, do not lend 
themselves to easy simulation. The physical variables involved are so 
numerous and their interactions so intricate that a perfect quantifi-
cation may be unattainable at present. This study examines the inter-
actions using some of the currently available methods. 
Erosion represents an undesirable side effect of soil tillage, 
namely the movement of soil particles from their site of origin by water 
or wind. The term "gross erosion" refers to the movement of soil for 
any distance, no matter how short. However, if all soil that moves is 
deposited within the crop field of origin, there would be no pollution 
problem because no off-site damage would be incurred. The delivery of 
1Klaus Alt is an Agricultural Economist, Natural Resource Economics 
Division, Economic Research Service, U.S. Department of Agriculture and 
a Collaborator, Department of Economics, Iowa State University. 
2Earl 0. Heady is a Distinguished Professor of Agriculture, Depart-
ment of Economics, Iowa State University, and Director, Center for 
Agricultural and Rural Development, Iowa State University. 
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eroding soil to off-site waterways (where it becomes sediment) is 
termed "sediment delivery."3 
Sediment is a pollutant which "occupies space in reservoirs, lakes, 
and ponds; restricts stream and drainageways; reduces crop yields in a 
given year; alters aquatic life in streams; reduces the recreational 
and consumptive use value of water through turbidity; and increases 
water treatment costs. Sediment also carries other water pollutants 
such as plant nutrients, chemicals, radioactive materials, and pathogens" 
(Johnson and Moldenhauer, 1970; p. 3). 
Erosion is a major pollution problem in Iowa. The Iowa Water Quality 
Report states that soil erosion in Iowa in 1974 was at the highest level 
in 25 years, with 4.5 million acres having gross erosion of more than 10 
tons per acre (Iowa Department of Environmental Quality, 1975). Gross 
erosion of 40 to 50 tons per acre was not uncommon and reached levels 
as high as 200 tons per acre in some areas. 
The pollution problem in the Iowa River attributable to sediment is 
unusually high for eastern Iowa. "Suspended sediment concentrations 
found in the Iowa River have ranged from nine to 4,700 mg/1 in recent 
years. The annual computed sediment load to Coralville4 was 1.34 million 
tons in 1966. This value represents over 475 tons of sediment per square 
mile of drainage area" (Iowa Department of Environmental Quality, 1975; 
p. II-79). Although this represents less than one ton of sediment 
delivered per acre, the average amount of gross erosion is about 3.7 tons 
3 Although this delivery could be referred to as "net erosion," that 
term is not used. 
4The Coralville Reservoir forms the downstream termination point 
of the study area. 
3 
5 per acre, assuming an average 20 percent sediment delivery ratio. Of 
the rivers in Iowa, only those in western Iowa, particularly those which 
have been channelized and straightened, have sediment loads in excess of 
the Iowa River above the Coralville Reservoir (Iowa Department of Environ-
mental Quality, 1975). 
The sediment load which is deposited in the Coralville Reservoir has 
attracted widespread public attention. The 5,000 acre lake is a valuable 
recreation source, and continued enjoyment of this resource may be cur-
tailed if sediment continues to accumulate at present rates. This study 
will identify and quantify the economic effects of attempts to reduce the 
sediment contribution from agricultural land use. 
Objectives and Procedures 
This study has two major objectives. The first is to improve the 
application of analytical techniques in the study of impacts of environ-
mental policies upon agriculture. The second is to identify and quantify 
the effects of various policies designed to increase sediment pollution 
abatement where negative externalities result from the individual deci-
sions of farmers in a particular area of Iowa. The effects include 
changes in production costs and methods, farming practices, and land use, 
as well as environmental quality. 
The study first estimates the situation which prevails in the absence 
of environmental controls. Throughout the discussion, this solution will 
be termed the "baseline solution." Several environmental policies are 
5This average figure includes all land in the drainage area including 
permanent pastures and forests. The average figure for the tilled acres 
may be expected to be higher. 
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then simulated. The first of these is an absolute limit on gross erosion 
per acre cropped. This limit is specified at three levels ranging from 
10 to 3 tons/acre/year. Another policy treats the study area as a single 
planning unit upon which a maximum limit on sediment delivered to the 
Coralville Reservoir is imposed. A limit on the amount of sediment 
delivered simulates the effect of a water quality standard imposed upon 
the study area as a whole because water quality and sediment delivery are 
directly related. A third policy alternative assumes payment of subsi-
dies to farmers for construction of terraces and for row crop tillage 
conforming to the soil slope contours. Subsidies previously have been 
paid to farmers to help defray the cost of certain erosion-reducing 
measures, including terracing. The Iowa Soil Conservancy Law implies 
that these subsidies will continue (e.g. it states that no landowner 
can be required to establish particular soil conservation practices 
unless cost-sharing funds of at least 75 percent of the establishment 
costs have been made available). 
II. SOILS IN THE STUDY AREA AND EROSION 
The study area is located in East-Central Iowa along the Iowa River 
and includes all of the watersheds of the Iowa River between the Marshall-
town River gauge and the dam at the Coralville Reservoir. The land area 
totals 938,050 acres or about 1,466 square miles. It covers slightly 
less than half of the total area of 3,115 square miles which drains into 
the Coralville Reservoir. 
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A large percentage of the land area is tilled for agricultural crops 
(Table 1). The predominant crops are corn and soybeans. Lesser acreages 
are planted to oats, required, in part, as a cover crop for the hay seed-
ings. The cropland not planted to either row crops or oats produces hay, 
primarily alfalfa. The rather large acreage of "other cropland" is 
explained below. The land not suitable for tillage supports permanent 
pasture and a small amount of forests; the latter occurs typically on 
rough land next to riverbanks and gullies. 
Table 1. Major land uses of study area in 1967 
Crop Acres a Percent of Total 
Corn 310,293 33.1 
Soybeans 98,166 10.5 
Oats 76,805 8.2 
Hay (cropland) 90,109 9.6 
Cropland pastured 71,523 7.6 
Other cropland 114,694 12.2 
Permanent pasture 92,411 9.8 
Forests 58,091 6.2 
Other 25,959 2.8 
aSource: (Rosenberry, Padgitt, and Prophet, 1973). 
Table 2 identifies the soil aggregations of this study. These soil 
aggregations are chosen on the basis of comparable soil management and 
environmental characteristics, such as slope, drainage, and texture as 
well as crop yields. The cropland acreages of each soil aggregation are 
used in the study as restraints on the tillable acreages, with one excep-
tion. Soil aggregation D is listed as having a cropland acreage of 63,115 
acres, all classified in the "other cropland" category (Rosenberry, Padgitt, 
and Prophet, 1973). This soil aggregation includes areas of stony riverwash, 
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shallow soils, and steep rocky hillsides with slopes in excess of 14 per-
cent. It is assumed that this soil aggregation could possibly support 
permanent pasture, forest, or other nontilled land use, but that environ-
mental and crop yield considerations would keep it from being tilled. 
Therefore, soil aggregation D is excluded from further consideration in 
this study. 
Erosion 
Erosion, a natural process, has helped to shape the earth's face. 
It has reduced rugged mountains to smooth hills and has cut channels for 
flow of surface water runoff to the oceans, often creating picturesque 
sights, such as the Grand Canyon, in the process. The beginnings of 
civilization were aided by the yearly floodings and deposition of stream-
borne sediment on the floodplains of rivers (e.g., the Nile, Euphrates, 
and Yellow rivers). This deposition fertilized the soils, a process 
which allowed the establishment of sedentary agriculture and induced the 
development of social systems capable of dealing with the resulting 
population concentrations. In modern agriculture, however, these erosion 
processes are no longer desirable because they result in net negative 
effects on the surrounding environment, both on-site and off-site. On-
site effects include the eventual loss of productive topsoil and a lower-
ing of crop yields. Other on-site effects relate to changes in farm-
ability due to the creation of gullies or other erosion-induced land 
changes. 
Off-site impacts include all effects of sediment in the waterways. 
Biological activity in water depends upon the presence of sunlight, which 
9 
can be excluded if the water is clouded with suspended sediment. Conse-
quently, the ability of the water system to produce fish for commercial 
or recreational harvest may be impaired by high sediment concentrations. 
Sediment also has downstream effects. The sediment load in a waterflow 
can be deposited at any point where the speed of flow is reduced. A 
prime example is the progressive siltation of lakes and reservoirs, 
leading to an eventual complete filling of lakes and reservoirs with silt. 
In instances where a shipping lane is closed by sediment deposition, 
dredging costs also are incurred. Other indirect costs are caused by a 
raising of the streambed by deposited sediment, such as more frequent 
flooding and larger stream channels. 
Although elimination of sediment carried in water may seem desir-
able, this possibility is precluded by nature's forces. Erosion occurs 
on all parcels of land. The erosion on construction sites and mining 
areas can be an important contributor to sediment loads in specific areas. 
Sediment also is produced by stream bank erosion and caving-in of bank 
overhang. Bank erosion is a significant factor in sedimentation of the 
Coralville Reservoir, because the Iowa River above Coralville meanders 
widely. However, the present study examines only the contribution of 
agricultural land to sediment production. 
Estimation of sediment generated by various agricultural production 
methods involves two distinct questions: First, what amount of soil is 
moved within the field, i.e., the gross erosion; and second, what per-
centage of the gross erosion is actually deposited into the waterways, 
i.e., the sediment delivery ratio. The estimation of gross erosion and 
sediment delivery is detailed in the following discussion. 
10 
Gross erosion 
The generally accepted estimation method for gross erosion uses the 
Universal Soil Loss Equation (USLE) (Wischmeier and Smith, 1965). This 
equation was developed by many scientists over a period spanning many 
years. The function was designed specifically to relate the effects of 
various crop growing practices to the resulting gross erosion. The USLE 
is not generally used to estimate erosion from nonagricultural sources 
(highway and building construction or urban sources). Therefore, con-
sideration throughout the remainder of this study will be restricted to 
erosion and sediment from agricultural sources. 
The USLE predicts the amount of soil which is moved within the field 
by the force of rainfall striking the soil and by the surface water runoff. 
Much of this soil is redeposited in grassed areas or on flatter ground 
and does not actually leave the field. The soil loss equation has the 
form: 
where A is the average soil loss, in tons per acre, per year. 
"R is the rainfall and runoff erosivity index. 
K the soil erodibility factor, is the average soil loss in tons 
per acre per unit of R, for a given soil on a "unit plot" 
which is defined as 72.6 feet long, with 9 percent slope, 
continuously fallowed, and tilled parallel to the land slope. 
L the slope-length factor, is the ratio of soil loss from a 
given length of slope to that from a 72.6 foot length with 
all other conditions identical. 
11 
S the slope-steepness factor, is the ratio of soil loss from a 
given percent-slope to that from a 9 percent slope with all 
other conditions identical. 
C the cover and management factor, is the ratio of the soil loss 
with specified cover and agronomic practices to that from the 
fallow condition on which factor K is evaluated. 
P the practice factor, is the ratio of soil loss with supporting 
practices such as contouring or strip cropping to that with 
straight-row farming up and down the slope" (Wischmeier, 
1976a; p. 35). 
The soils with slopes of less than 2 percent were assumed to have no 
measurable soil loss. A slope of 1 percent designates essentially flat 
land, and the length of the "slope" is practically undefined. The C 
factor was computed for each rotation and tillage practice from data 
specific to Iowa (USDA, Soil Conservation Service, 1969). Using the 
provided factor values, an estimate of the gross erosion specific to each 
crop production activity of the model was computed with the Universal Soil 
Loss Equation. The computations were made separately for each soil com-
ponent of each soil aggregation; only the resulting soil loss estimates 
were averaged to arrive at a weighted average for each production activity 
by soil aggregation. This method is preferable because averaging the USLE 
coefficients for the soils in each soil aggregate and computing the soil 
loss from average coefficients would lead to an erroneous estimation of 
soil loss. 
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Sediment delivery ratio 
The USLE computations yield the gross erosion from sheet and rill 
erosion specific to each crop production activity. These erosion esti-
mates are summed for the activity levels of the production activities 
which enter each model solution to estimate the gross erosion for each 
soil aggregation and for the whole study area. This total amount does 
not equal the amount of sediment delivered to the Coralville Reservoir. 
To compute the sediment yield in the drainage area, this estimate 
(of total erosion) must be reduced to compensate for deposition 
at the toe of field slopes, in field boundaries, in depressions, 
in constructed sediment basins and traps, and along the path 
traveled by the runoff as it moves from the field to a stream. 
Sediment additions from sources along this path must also be 
taken into account. The gross soil loss estimated by the equa-
tion should be used together with a deposition equation and 
estimates of sediment additions from gully, stream bank, and 
channel erosion. No deposition equation is now available, and a 
sediment delivery ratio is used as a lumped accounting for sedi-
ment load changes below the areas for which gross soil loss is 
computed. A sediment yield estimate obtained by this procedure 
is a long-time average for the particular watershed conditions 
(Wischmeier, 1976b; p. 7). 
It may be assumed that such sediment delivery ratios are related 
to the size of the drainage area. It has been found that, despite wide 
variation in topographical and other influencing factors, the sediment 
delivery ratio may be specified to vary inversely as the 0.2 power of 
the size of the drainage area (Renfro, 1975). Clearly, such an esti-
mation process forecasts the amount of sediment delivered to the mouth 
of the watershed. Wischmeier (1976a) argues that these types of esti-
mates are confounded by stream bank erosion and sediment accretions from 
nonagricultural sources and cannot provide estimates of the contribution 
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of nonpoint cropland sources to water pollution. If the sediment delivery 
ratio is to be used for such estimates, it should be defined as "the ratio 
of sediment delivered at the place where the runoff water enters a con-
tinuous stream system to the gross erosion from the drainage area above 
that point" (Wischmeier, 1976a, p. 51). 
The sediment-delivery ratios (Table 3) were developed on the basis 
of Wischmeier's more restrictive definition in view of the topography 
6 in each watershed. The three watersheds containing the direct trib-
utaries have significantly lower delivery ratios than would be expected 
on the basis of their sizes alone, but they contain most of the flat 
bottomland acreages. On these areas, the overland flow would be less 
likely to deliver sediment to the stream system than in the more hilly 
watersheds. The sediment delivery ratios used in the model for each 
soil aggregation are computed as the average of the watershed delivery 
ratios weighted by the occurrence of each soil aggregation within each 
watershed. 
6The sediment delivery ratio estimates were developed by Ed Burr, 
Iowa State Geologist, and Bob Boyce, Geologist, Central Technical Unit, 
both Soil Conservation Service, U.S. Department of Agriculture. The 
estimates were tested and refined with a sediment routing model as 
described by Boyce (1975). 
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Table 3. Watersheds in the study area 
Code 
12 
13 
14 
15 
16 
17b 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
32b 
a Drainage area 
Stream name Sq. miles Acres 
Burnett Creek 32.4 
Linn Creek 66.8 
Timber Creek 124.0 
Deer Creek 85.6 
Sugar Creek 21.6 
Direct Tributaries, 
Marshalltown to Deer Creek 89.6 
Richland Creek 60.3 
Otter Creek 41.2 
Salt Creek 223.0 
Walnut Creek 91.3 
Honey Creek 29.9 
Bear Creek 222.0 
Direct Tributaries, Deer Creek 
to Marengo above Bear Creek 142.3 
Hilton Creek 21.5 
Price Creek 30.9 
Knapp Creek 30.6 
Hoosier Creek 48.8 
Direct Tributaries, Marengo 
through Coralville Reservoir 189.2 
20,740 
42,750 
79,360 
54,790 
13,820 
57,340 
38,590 
26,370 
142,720 
58,430 
19,140 
142,080 
91,070 
13,760 
19,780 
19,580 
31,230 
121,090 
Sediment 
delivery 
ratio 
18.0 
11.0 
10.0 
10.0 
21.0 
6.0 
16.0 
8.3 
4.0 
12.0 
21.0 
7.0 
3.6 
22.0 
12.0 
15.0 
13.0 
5.0 
a Source: (USDA, Iowa-Cedar Rivers Basin Field Advisory 
(Connnittee.) 
b Only part of this watershed is included in the study area. 
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III. THE MODEL USED 
A linear programming model is used in the analysis of the impact 
of environmental control measure applied to the study area. There are 
three components to a linear programming model: an objective function, 
the restraints which typically take the form of limited amounts of 
resources, and a large number of alternative combinations of these 
resources in production processes. 
A linear programming model may be written in a general form as: 
n 
maximize z ~ c.x. 
j=l J J 
n 
subject to ~ aijxj < b j=l - i 
x. < 0 
J 
where i = 1, 2 ... m. 
In this specification, the c. represents the objective function values 
J 
for each of the n activities, and the x. are their levels of activity. 
J 
The aij represent the requirements of resource i per unit of activity j, 
while the b. denote the resource availabilities of the m resources. 
1 
In the present model, the chosen objective is minimization of the 
monetary production costs of the required level of field crop production 
in the study area. The restraints include land availability, limits on 
cropping patterns due to agronomic considerations, minima on crop output 
expected from the study area, and alternative environmental restraints. 
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A large number of production alternatives are specified, differentiated 
by such characteristics as tillage methods, soil conservation methods, 
and crop rotations. The production alternatives are described first, 
followed by a discussion of the restraints imposed upon the model. 
Model Activities 
The majority of the activities in the model are the crop producing 
activities. They constitute 570 of the 1,075 vectors of the model. 
There are many possible production methods by which the des~red crop 
output may be raised. This model is designed to include those feasible 
production vectors which are of interest in the context of the study. 
The other model vectors include such activities as input purchases, 
insecticide application, terrace construction, and transfer vectors. 
Crop production alternatives 
Crop production alternatives are defined for each of the nine soil 
aggregations stratified by crop rotation, tillage method, and soil con-
servation practice. The model is concerned with the four major field 
crops found in the study area, namely corn, soybeans, oats, and hay 
7 
or meadow. These crops are combined into the following crop rotations: 
com-soybeans (CB), corn-soybeans-oats-meadow (CBOM), com-soybeans-oats-
meadow-meadow (CBOMM), corn-oats-meadow (COM), and com-oats-meadow-
meadow (COMM). In addition, the alternatives of continuous corn (C) and 
7 Corn silage is considered to be a different commodity than corn 
grain only for harvesting purposes. The growing activities of both are 
identical. 
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cropland pasture (M) are included. This specification allows the model 
to combine the rotations linearly to give other rotations not specifi-
cally included. For example, if the optimal rotation were corn-corn-
corn-soybeans, it would be designated in the model by one-half unit of 
the corn-soybeans rotation and one-half of continuous corn. 
The tillage practices used in the model are conventional tillage 
fall plowed, conventional tillage spring plowed, rotary-till plant, and 
no-till plant. Conventional tillage is defined as the practice of mold-
board plowing followed by other tillage operations. All plant residue 
is assumed to be covered with soil. Rotary-till plant is defined to 
represent the practice of combining tillage and planting in one operation 
as in a buffalo-till planter. This alternative is assumed to leave 66 
percent of the plant residue exposed. No-till plant is defined to elim-
inate all tillage except for planting with fluted coulters. 
Several soil conservation methods are available for reducing erosion. 
The most effective method is terracing, which divides a tillable slope 
into several shorter slopes. Consequently, the runoff water is slowed 
and its erosive capability is reduced. The model includes terrace 
construction activities specific to each soil aggregation. These activ-
ities are discussed in detail later. Contouring is an additional 
conservation method. Under contouring, crop rows act as barriers to 
the overland flow and substantially reduce the amount of soil detached 
by runoff. Contouring may require the use of point rows which increase 
labor and machinery requirements since these point rows require more 
time for tillage operations. This increase is assumed to vary directly 
18 
with soil slope, that is, steeper slopes will have greater cost increases. 
Contouring is not specified for land with a slope of less than 3 percent 
(i.e., soil aggregations C and E). Crop tillage also may be done without 
regard to field slopes. This "up-and-down" or "straight-row" tillage, 
allowed as a practice in the model, is the most erosive of the three 
alternatives, but its costs are lowest. 
The costs for each of the production activities are computed from 
several sources (Ayres, 1974a; Ayres, 1974b; Ayres, 1974c; ISU Cooperative 
Extension Service, 1974a; ISU Cooperative Extension Service, 1974b; James, 
1973; USDA, 1975; Voss, 1973). The levels of the various inputs are 
determined separately for each alternative, and the costs of these inputs 
are then aggregated to arrive at the total production cost for each 
activity. This method is detailed in the following discussion. 
Machine costs Different sizes of many machines are available. 
Hence, a machine size is chosen to best fit the assumed size of the farm 
operation. Based on census data (U.S. Department of Commerce, Bureau of 
the Census, 1971) a farm size of 269 acres is assumed for the area. For 
all machines, a purchase price, expected repair cost per hours of use, 
and expected usable life are estimated (Ayres, 1974a; Ayres, 1974b; ISU 
Cooperative Extension Service, 1974a; James, 1973). Straight-line depre-
ciation is assumed over the useful life of the implement with a salvage 
value determined by the type of machin·e and length of use (Ayres, 19 7 4a; 
Ayres, 1974b). The annual cost for taxes and insurance is assumed to be 
2 percent of the initial cost (Ayres, 1974a). An annualized average 
interest cost is computed at 8 percent per annum on the amount of the 
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investment over the useful life of the machine. The repair cost per 100 
hours of use is computed as a varying percentage of the machine list price, 
depending on the machine type (Ayres, 1974a). 
Tractor costs Costs for the tractors are computed in a manner 
paralleling that for machinery. To account for idling time and travel 
to and from fields, total hours of tractor use for each production alter-
native are assumed to equal 110 percent of the sum of the machinery time 
requirements for that alternative. The economic life of the tractor is 
assumed to be a function of the yearly level of use, with five categories 
of use ranging from less than 400 hours/year on CB no-till to just over 
900 hours/year on COMM conventional spring-plow. 
Fuel costs The fuel requirements for the tractor and the harvest-
ing equipment are based on the total hours of use. The fuel costs are 
not added to the production costs directly, since a separate fuel pur-
chase activity is used. This method allows obtaining model solutions 
with varying prices for fuel. 
Labor costs Labor requirements are assumed to be equal to the 
tractor hour requirements, plus an overhead requirement. The overhead 
requirement allows time to purchase production inputs, sell the crop 
outputs, and for business management generally. It is estimated to be 
15 percent of the tractor hour requirement average of all production 
alternatives. 
Fertilizer costs Fertilizer costs are synthesized from several 
sources. Fertilizer recommendations are not available on a soil aggre-
gation basis, but only on a soil series basis (Voss, 1973). Soil 
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series are large aggregates which may include soils on slopes which vary 
significantly. Since yield expectations on varying slopes within a soil 
series may also vary, the optimal fertilizer application in each case 
will differ. A higher soil slope is assumed to have slightly lower 
crop yields and thus require a lower fertilizer input for economically 
8 
optimal use of resources. The soil series fertilizer requirements, as 
broken down according to slope class, are combined into a weighted 
average fertilizer requirement for each of the soil aggregations used 
in this study. 
The resulting rates are adjusted further downwards since not all 
crop acres are fertilized; the adjustment factors are taken from Census 
data (U.S. Department of Commerce, Bureau of the Census, 1971). In the 
computation of the fertilizer cost for rotations including meadow or 
soybeans, a fertilizer credit is given for the nitrogen carry-over pro-
duced by the legume. 
Herbicide costs The computation of the herbicide costs incorpor-
ates certain agronomic considerations. First, to avoid carry-over prob-
lems, if the rotation included soybeans, the preceding corn could not 
be treated with atrazine. Second, the tillage method influenced the 
choice of chemical; for example, Paraquat or a mixture including Paraquat 
is employed on no-till but not with other tillage methods. Third, a 
higher than average soil organic matter content requires an increased 
amount of herbicide. Consequently, the soil aggregations were grouped 
8The breakdown of soil series acreages by slope classes for the 
study area were obtained from unpublished data supplied by Dr. J. 
Highland, (Agronomy Department, Iowa State University). The adjust-
ments in fertilizer recommendations by soil slope were suggested 
by Dr. R. Voss, (Agronomy Department, Iowa State University). 
21 
according to soil organic matter content in the herbicide cost computa-
9 tions. 
Other costs The amount of corn produced by each crop rotation 
is multiplied by a drying cost per bushel to arrive at the total drying 
cost for that particular crop rotation. The seed costs are computed 
separately for each production activity. The assumption is made that 
the seed mortality would be higher on reduced-tilled ground than on 
conventional-tilled ground. Interest costs on long-term investments 
are already included in the budgets (see the discussion on machinery 
and tractor costs). Short-term inputs such as fertilizer, seed, herbi-
cide, and harvest labor (particularly on hay harvesting) are employed 
for different time periods. Interest for fertilizer and seed investment 
is charged for eight months. Six months is used for the herbicide invest-
ment, two months for harvest labor and five months for fuel. 
Insecticide use Corn yields are specified in the crop produc-
tion vectors under the assumption that no insecticides are applied. The 
potential insect problems and the amount of yield lost to insects are 
estimated on the basis of the specific soil, rotation, and tillage 
10 information for each such production activity. The corollary to this 
estimate is, of course, the marginal productivity of each insecticide. 
Therefore, the insecticide use vectors of the model increase crop yields 
9soil aggregations B, G, H, I, and K have light organic matter (O.M.) 
content; aggregations A, C, and F have medium O.M.; and E has heavy O.M. 
content. 
lOTh . d b ese est1mates were ma e y Dr. H. Stockdale, Extension Entomologist, 
Iowa State University. 
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by an amount specific to each insecticide use situation. Any of the 
insecticides may have a different marginal productivity in different 
soil-tillage-rotation combinations, and a separate insecticide use 
vector is used in each applicable situation. 
Terrace construction These activities simulate the construction 
of terraces on cropland. Terracing is not assumed on those soils which 
could not support such a practice due to shallowness of the topsoil and 
on the flat bottomlands. The terrace construction activity uses one 
acre of unterraced land and generates one acre of terraced land, i.e., 
increases the terraced acreage for the soil by one acre. The terracing 
costs, including the costs for earth work, intakes, the outlets and a 
limited amount of topsoiling, were computed separately for each soil 
11 
aggregation by Soil Conservation Service personnel. 
On certain steep soils, soil slopes require use of grassed backslope 
terraces, that is, terraces on which the steep banks of the terrace are 
withdrawn from row crop production and are permanently planted to grasses. 
The amount of land lost from row crop production is a function of the 
steepness of the soil; on the steepest soils it amounts to as much as 
12 10 percent. The crop growing activities on these terraced acres are 
adjusted for this loss of tilled acreage; thus, for example, one acre 
of terraced land on soil aggregation A could produce 0.9 acres of row 
crops. 
11Received from Wilson T. Moon, Iowa State Conservationist, Soil 
Conservation Service, U.S. Department of Agriculture, Des Moines. 
12The terrace specifications were determined from Soil Conservation 
Service recommendations (USDA, Soil Conservation Service, 1973). 
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Objective Function and Model Restraints 
The variables in the study model are identified in Table 4. The 
specific functions are listed in Table 5. What is identified as the 
single function in Table 5 in most cases represent a set of separate 
but similar functions. For example, even though only a single land 
restraint is presented (ID 2 in Table 5), there are actually nine land 
restraints as a separate restraint is used for each soil aggregation. 
The objective function (ID 1) specifies that the optimal solution 
to the model minimizes total production costs, including terrace con-
13 
struction costs and other input purchase costs. The production costs 
do not include a land charge. The price of land (and the yearly land 
rent) depends upon the use to which that land is put. Since land use 
is determined by the model, a land charge cannot be specified a priori. 
Separate land restraints are specified for terraced and unterraced 
land for each soil aggregation (IDs 2 and 3), except that the two bottom-
land soil aggregations (C and E) have no terraced land restraint. 
Crop output demands are specified for each of the five crops (ID 
4.1 to 4.5). The demands represented levels of crop production for the 
study area projected to 1980 based on the OBERS E' estimates (U.S. Water 
Resources Council, 1975). 
Corn yields are estimated for each soil, rotation, tillage, and 
conservation method combination. The variation in crop yields by soil 
were derived by Rosenberry, Padgitt, and Prophet (1973). The row crop 
13The model also includes purchase activities for the crop outputs 
(at above market prices) to avoid model infeasibilities in the event of 
binding environmental restraints. No such infeasibilities were encoun-
tered. 
Table 4. 
Name 
BC 
s 
BY 
s 
CONVi 
COR 
s 
DR. 
1 
IA ijknpr 
IC ijknpr 
IP 
n 
IPC 
n 
IRijkmr 
IU ijknpr 
aThe 
i = 
j = 
k 
m = 
n 
p = 
r = 
s = 
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Model variables 
a Explanation 
purchase cost per unit of crop s, 
purchase quantity of crop s, 
conversion factor between corn grain yield (bushels) 
and corn silage yield (tons) on soil aggregation i, 
= crop output demand of crop s, 
cost of harvesting one bushel of corn as silage on 
soil aggregation i, 
= weighted average sediment delivery ratio for soil 
aggregation i, 
= acres of use of insecticide n against insect problem 
complex r in use period p in rotation j on soil 
aggregation i with tillage method k, 
application cost per acre of use of insecticide n 
against insect problem complex r in use period p in 
rotation j on soil aggregation i with tillage method k, 
quantity of insecticide n purchased, 
cost per pound of insecticide n, 
incidence of insect problem complex r on soil aggre-
gation i in rotation j with tillage method k and 
conservation method m, 
= application rate of insecticide n against insect 
problem complex r on soil aggregation i in rotation 
j with tillage method k during application period p, 
subscripts are: 
1 to 9 soil aggregations, 
1 to 6 crop rotations, 
1 to 4 tillage methods, 
1 to 3 conservation methods, 
1 to 13 insecticides, 
1 to 2 insecticide use periods, 
1 to 3 insect problem complexes, and 
1 to 5 crops. 
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Table 4 (continued) 
Name 
IY ijknps 
FC 
FG ijkm 
FP 
LANDi 
MD 
PA. "k 1J m 
TERLi 
Y. "k 1J ms 
Explanation 
= per acre marginal product {yield) of insecticide n 
used in insecticide use period p on crop s on soil 
aggregation i on rotation j with tillage method k, 
= price per gallon of fuel, 
fuel gallons required to grow one acre of rotation 
j on soil aggregation i with tillage method k and 
conservation m~thod m, 
quantity of fuel purchased, 
= gross erosion (tons) per acre of rotation j on soil 
aggregation i with tillage method k and conservation 
method m, 
= nonterraced land available for soil aggregation i, 
= sediment delivered to Coralville Reservoir, 
= acres of rotation j on soil aggregation i with tillage 
method k and conservation method m, 
= permanent pasture acreage on soil aggregation i, 
= permanent pasture acreage on terraced land in soil 
aggregation i, 
= cost of producing one acre of rotation j on soil 
aggregation i with tillage method k and conservation 
method m, 
= bushels of corn harvested as silage on soil aggregation i, 
= acres of terraces constructed on soil aggregation i, 
= construction cost per acre of terrace constructed on 
soil aggregation i, 
= terraced land available for soil aggregation i, 
= yield per acre of crop s in rotation j on soil aggre-
gation i with tillage method k and conservation 
method m, 
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Table 4 (continued) 
Name 
z 
Explanation 
= yield per acre of permanent pasture on soil aggre-
gation i on unterraced land, 
= yield per acre of permanent pasture on soil aggre-
gation i on terraced land, 
= total production cost 
yields for fall plowed activities are assumed equal to their spring 
plowed counterparts. The row crop yields for the reduced tillage 
alternatives are reduced slightly below the conventionally tilled yields. 
Each crop rotation has a unique set of associated insect problems 
and thus requires a unique set of insecticides. Thus, the insecticide 
requirement equations (ID 5) are specified separately for each rotation 
and insect problem. Not all 13 insecticides may be present within each 
equation, since a particular insecticide may provide ineffective treat-
ment for a specific insect problem. 
Two equations (IDs 6 and 7) are simple inventory equations, i.e., 
they specify that use of the input cannot exceed purchases. The fuel 
restraint is expressed in gallons of diesel. 
The sediment equation (ID 8) computes the amount of sediment delivered 
to Coralville Reservoir from the erosion (as estimated by the USLE) caused 
by the agricultural field crop production of the study area. The equation 
adds the number of tons of soil eroded by each production activity multi-
plied by the applicable watershed delivery ratio. 
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IV. RESULTS OF THE ANALYSIS 
The discussion in this section examines the effects of alternative 
policies upon the variables of the model. The model solutions are identi-
fied in the discussion by the codes shown in Table 6. The assumptions 
used for each solution are given in the discussion of each solution. 
First, it is assumed that an absolute maximum on gross erosion per 
acre cropped would be imposed (alternatives B.l, B.2, and B.3). This 
limit is essentially an enforced change in agricultural production methods 
prohibiting all cropping or production alternatives that generate gross 
erosion in excess of the standard. This set of solutions simulates the 
effects of the Iowa Conservancy Law in the study area. From the stand-
point of the farmer, it is the most restrictive and inflexible policy 
since it eliminates certain potential production alternatives from his 
field of choice. 
A second set of solutions assumes the imposition of a limit on 
sediment delivered to the Coralville Reservoir, with no limits on per 
acre gross erosion (Alternatives C.l, C.2, and C.3). The linear program-
ming model treats the whole study area as a single farm, a factor which 
is particularly significant in this set of solutions. In this solution 
set, gross erosion on certain acres may be quite high, since only the 
total amount of sediment delivered to the Coralville Reservoir is limited. 
Thus, heavy erosion on some acreages may be balanced by light erosion 
elsewhere, resulting in a total sediment load that still meets the 
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standard. Since the study area actually includes more than one farm, 
the implication of this condition is that the amount of permissible 
gross erosion varies among farmers. Since the administration of such a 
program presents prohibitive problems in the present land ownership struc-
ture, this set of solutions represents a theoretical alternative policy. 
Two solution sets (D.l-3 and E.l-6) assume that varying levels of 
a subsidy would be paid to farmers to help defray the marginal costs of 
contouring and terracing. The cost increase of contouring is caused 
by increased farming time required for tillage due to possible point 
rows. Also, the cost of installing terraces on cropland causes a signif-
icant increase in crop production costs, even if the terracing cost is 
prorated to the production activities over the economic life of the terrace. 
Baseline Solution 
To quantify the effect of the various policies or alternatives 
evaluated, it is necessary to estimate outcomes which might prevail in 
the absence of any environmental restrictions. A baseline solution was 
made for this purpose (Model A). In subsequent tables the baseline results 
are compared with model results of the various environmental restraints. 
The baseline solution assumes that no production restraints are 
imposed on any soil aggregations. Hence, production of particular crop 
rotations is concentrated on those soil aggregations which have the com-
parative advantage in production of each rotation. Consequently, the 
production of row crops is located on the soil aggregations A, B, C, and 
E. Other soil aggregations are cropped primarily in permanent pasture. 
The two bottomland soil aggregations (C and E) have crop yield limitations 
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due to soil wetness; these two aggregations are therefore not the 
locations of first choice for row crops. 
The results of the baseline solution show that all tillage would 
use the lowest crop alternative, namely conventional till, fall plowed 
with no contouring. Since the objective of the linear programming model 
is to minimize the production cost of a minimum level of crop outputs, 
the model would not choose a higher cost production alternative over a 
cheaper one. Consequently, no contouring or spring plowing enters the 
optimal solution. Actually, a significant amount of spring plowing 
and a lesser amount of contouring are used in the study area. This 
variance has a practical result as it biases the results of the baseline 
solution somewhat in (a) slightly overestimating the gross erosion and 
sediment delivery, and (b) underestimating production costs of the base-
line solution. 
Solutions with Limits on Gross Erosion 
Three solutions assume that the gross erosion for each acre cropped 
has to remain below specified limits. These limits are specified in 
three successive solutions at 10 tons/acre/year (Model B.l), 5 tons/acre/ 
year (Model B.2), and 3 tons/acre/year (Model B.3), respectively. The 
specification of these limits has the effect of eliminating from consider-
ation all crop production activities which produce soil erosion in excess 
of the specified amounts. 
Changes in the solutions occur as a result of these erosion limits. 
Table 7 provides a summary of selected model results for these runs and 
gives a comparison with the baseline solution. 
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Table 7. Summary of model results assuming limits 
Item 
-·---
Production cost 
(1,000$) 
Increase of 
production cost 
over modP I A, 'X. 
Total land 
cropped (l, 000 A) 
Additional 
terraces built 
(1,000 A) 
Sediment delivered 
to Coralville 
Reservoir 
(1,000 tons) 
Average gross 
erosion per acre 
(tons/ acre) 
Model 
A 8.1 
62,626 64,212 
2.5 
667 665 
0 0 
1 '136. 6 364.5 
20.0 6.1 
on gross erosion 
8.2 8.3 
67,911 73 '139 
8.4 16.8 
679 698 
172.6 222.5 
193.6 104.5 
3.1 1.6 
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The increase in production costs is substantial, particularly for 
the 3 tons/acre limit. The largest cost increase stems from the construc-
tion of terraces on about half the upland acreage. Other cost changes 
are attributable to the shifts in crop rotations and production methods. 
A 3 tons/acre gross erosion limit decreases sediment delivered to 
the reservoir to about 10 percent of the baseline value. However, this 
decrease has significant costs per ton of sediment reduction. These 
costs increase as the erosion limit is tightened. From a low of $2.05 
per ton of sediment reduction for the 10/tons/acre limit, the average 
cost per ton increases to $5.60 for the 5 tons/acre limit and reaches a 
maximum of $10.19 per ton at the 3 tons/acre level. 
Table 8 shows the acreages of specific tillage and conservation 
methods for each solution. The 10 tons/acre limit could be met on all 
upland acres by either contouring or spring plowing or both. The acre-
age which remains fall-plowed with straight-row tillage throughout the 
solutions is exclusively located on bottomland soils. 
The 5 tons/acre limit causes larger changes in tillage practices. 
A large portion of the newly terraced land is fall-plowed, the cheapest 
tillage method. Additional newly terraced acreages on more erosive land 
are planted by no-till methods. Other large acreages are tilled by 
rotary-till methods and planted on the contour. The 3 tons/acre limit 
extends the trend towards terracing and reduced tillage. Practically 
all of the upland soils are planted with reduced tillage and about one-
half are terraced under this limit. 
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Tahlc S. Acres of specified practices for models assuming limits on 
gross erosion 
Tillage and 
conservation 
practice 
j 
Fall-plow: 
Straight-row 
Contour 
Terrace 
S2ring-21ow: 
Straight-row 
Contour 
Terrace 
Total plowed 
Rotarx-till: 
Straight-row 
Contour 
Terrace 
No-till: 
Straight-row 
Contour 
Terrace 
Total reduced till 
A 
574,533 
0 
7,564 
0 
0 
0 
582,097 
0 
0 
0 
0 
0 
0 
0 
Model 
B.l B.2 B.3 
128,186 146,767 146,767 
220,470 0 0 
3,324 119,061 1,813 
0 0 0 
228,666 173,400 0 
4,240 0 0 
584,886 439,228 148,580 
0 0 0 
0 104,733 68,821 
0 0 154,973 
0 0 0 
0 0 171,549 
0 61,132 73,354 
0 165,865 468,697 
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Table 9. Acres of specified crops for solutions assuming limits on 
gross erosion 
Crop and soil Model 
aggregate A B.l B.2 B.3 
(rounded to nearest 1000 acres) a 
Corn A 101 59 85 123 
B 199 197 171 146 
c 12 48 57 57 
E 8 16 16 16 
F 0 0 0 'E./ 
G 0 0 0 0 
H 0 0 0 0 
I 0 0 0 0 
K 0 0 2 2 
Total 320 320 331 345 
Soybeans: A 101 59 28 0 
B 25 27 52 77 
c 12 48 57 12 
E 8 16 16 16 
F 0 0 0 0 
G 0 0 0 0 
H 0 0 0 0 
I 0 0 0 0 
K 0 0 0 0 0 
Total 145 150 153 151 
Oats: A 38 57 57 57 
B 0 0 0 0 
c 12 0 0 0 
D 8 0 0 0 
E 0 0 0 0 
F 0 0 0 'E./ 
G 0 0 0 0 
H 0 0 0 0 
I 0 0 0 0 
Total 58 57 57 58 
a Totals may not add due to rounding. 
b Less than 500 acres. 
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Table 9 (continued) 
Crop and soil Model 
·----------- ---------
aggregate A B.l 8.2 8.3 
(rounded to nearest 1000 acres) a 
Hay & 
pasture: A 38 91 96 91 
B 0 0 0 0 
c 48 0 0 0 
E 8 0 0 0 
F 32 32 32 32 
G 8 8 8 8 
H 6 6 0 6 
I 1 1 1 1 
K 2 0 0 0 
Total 144 138 137 138 
The changes in crop acreages and location of production are shown 
in Table 9. The 10 tons/acre limit causes a shift of row crops towards 
the bottomlands, that is, from soil aggregation A to aggregations C and 
E. Bottomlands are planted partly to oats and hay under· the baseline 
solution. However, these crops are not grown on the bottomlands under 
any erosion limit. In fact, the bottomlands are planted exclusively 
to corn and soybeans under the two most stringent erosion limits. 
Solutions with Limits on Sediment Delivery 
These solutions are designed to simulate the effects of imposition 
of an area-wide limit on sediment delivery to the Coralville Reservoir. 
The delivery limit is parameterized to a maximum of a 75 percent decrease. 
The following discussion is limited to the more interesting changes. 
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The amount of sediment delivered from the study area to the 
Coralville Reservoir is restricted to less than 75 percent (Model C.l), 
50 percent (Model C.2), and 25 percent (Model C.3), respectively, of 
the sediment amount of the baseline solution. No limits are placed on 
gross erosion per acre. Thus, it is possible that the erosive row 
crops could be produced with an erosive tillage method, as long as 
this production occurs in areas with a low sediment delivery ratio. 
The summary of the results of these models is provided in Table 
10. The increase in production costs due to the sediment standar4 is 
small. Production costs increase by less than 4 percent under the 75 
percent reduction in sediment delivery. The production cost increase per 
ton of sediment reduction is small. The average cost is $0.52 per ton 
withheld to reduce sediment delivery by 25 percent, increasing to $1.12 
per ton withheld if sediment delivery were cut in half, and increasing 
further to $2.78 per ton withheld if sediment delivery were reduced by 
75 percent. 
Under this set of solutions (C.l, C.2, and C.3), the large reduction 
in sediment delivery can be achieved without construction of new ter-
races. Changes in crop rotation and tillage methods suffice to reduce 
sediment delivery to the Coralville Reservoir below the stated limits. 
These changes in crop rotations and tillage methods are identified in 
Tables 11 and 12. The major change in crop rotations is an increase 
in production of row crops on the bottomlands (aggregates C and E). 
Simultaneously, the production of oats and hay on aggregate A increases, 
as the major rotation in this soil group becomes more extensive. The 
• 
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Table 10. Summary of model results assuming limits on sediment delivered 
Model 
Item A C.l C.2 C.3 
Production cost 
(1,000$) 62,626 62' 775 63,264 64,994 
Increase of 
production cost 
over model A, % 0.2 1.0 3.8 
Total land 
cropped (1,000 A) 667 663 661 667 
Additional 
terraces built 
(1,000 A) 0 0 0 0 
Sediment delivered 
to Coralville 
Reservoir (1,000 
tons) 1,136.6 852.5 568.3 284.2 
Average gross 
erosion per acre 
(tons/acre) 20.0 14.3 9.6 4.8 
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Table 11, Acres of specified crops for models assuming limits on 
sediment delivery 
Crop and soil Model 
aggregate A C.1 C.2 C.3 
(rounded to nearest 1000 acres) 3 
Corn: A 101 101 91 76 
B 199 199 199 177 
c 12 12 23 57 
E 8 8 8 16 
F 0 0 0 0 
G 0 0 0 0 
H 0 0 0 0 
I 0 0 0 0 
K 0 0 0 0 
Total 320 320 320 326 
Soybean~: A 101 101 91 30 
B 25 25 25 47 
c 12 12 23 57 
E 8 8 8 16 
F 0 0 0 0 
G 0 0 0 0 
H 0 0 0 0 
I 0 0 0 0 
K 0 0 0 0 
Total 145 145 147 151 
Oats: A 38 38 48 57 
B 0 0 0 0 
c 12 12 0 0 
D 8 8 8 0 
E 0 0 0 0 
F 0 0 0 0 
G 0 0 0 0 
H 0 0 0 0 
I 0 0 0 0 
Total 58 58 56 57 
a 
add due rounding. Totals may not to 
b Less than 500 acres. 
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Table 11 (continued) 
Crop and soil Model 
aggregate A C.l C.2 c.3 
(rounded to nearest 1000 acres) 
Hay & 
48 114 pasture: A 38 38 
B 0 0 0 0 
c 48 80 68 0 
E 8 8 9 0 
F 32 0 0 0 
G 8 5 3 8 
H 6 6 6 6 
I 1 1 1 1 
K 2 2 2 2 
Total 144 140 138 133 
largest change in tillage methods is from straight-row fall-plowing to 
spring plowing or contouring or both. In the most restrictive situation, 
almost all of the upland soils are spring-plowed and contoured. Only 
the most erosive soils are planted by the contour no-till method. No 
new terracing is needed to meet the sediment .standard. 
Erosion rates per acre cropped are not directly limited in this 
solution, since the restriction is the total sediment delivered to 
the Coralville Reservoir. Consequently, the gross erosion rate on some 
soils is relatively high; the erosion rates in Model C.3 for soil aggre-
gations A and B are 6.1 and 6.4 tons/acre, respectively. 
Solutions with Subsidies 
The difference in production costs between the activities employ-
ing contouring and those without contouring is due to increased machinery 
and labor costs for contouring. This increase is attributable to the 
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Table 12. Acres of specified practices for models assuming limits on 
sediment delivery 
Tillage and 
conservation Model 
practice A C.l C.2 C.3 
Fall-plow: 
Straight-row 574,533 452.399 102,746 146,767 
Contour 0 52,914 389,744 0 
Terrace 7,564 7,564 7,564 0 
SEring-Elow: 
Straight-row 0 0 0 0 
Contour 0 69,220 80,648 402,985 
Terrace 0 0 0 3,324 
Total plowed 582,097 582,097 580,702 553,076 
Rotar:l-till: 
Straight-row 0 0 0 0 
Contour 0 0 0 0 
Terrace 0 0 0 0 
No-till: 
Straight-row 0 0 0 0 
Contour 0 0 0 35,051 
Terrace 0 0 0 4,240 
Total reduced 
till 0 0 0 39,291 
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possibility of point rows occasioned by the field contour layout. These 
point rows require slightly more labor and machinery time during each of 
the tillage operations. All other production costs are not affected 
by contouring. 
In one set of solutions (D.l, D.2, and D.3), subsidies are used to 
partially offset this cost increase. Since contouring is included in 
the model only for those soils with slopes in excess of 3 percent, the 
subsidies are made available only to upland crop activities. The amount 
of subsidy is parameterized in the models at $0.50/acre (Model D.l), $1.00/ 
acre (Model D.2), and $1.50/acre (Model D.3) of row crop contoured. In 
those production activities where row crops are part of a crop rotation, 
the subsidy per unit of the activity is adjusted to maintain the same level 
of subsidy per acre of row crops. The model has the choice of accepting 
the subsidy (and to produce with contouring) or to reject the payment (to 
produce crops by alternative methods). 
The results of the model runs are summarized in Table 13. Since 
the production cost differences are generally less than $1.00, the biggest 
impact may be expected to occur with a $1.00/acre subsidy. The lowest 
subsidy ($0.50/acre) is too low to offset the production cost difference 
between straight-row and contour tillage. Consequently, the solution at 
this subsidy level is identical to the solution obtained in the absence 
of a subsidy. At higher subsidy levels, all upland row crop production 
is contoured. No shift in production from one soil aggregation to 
another occurs, implying that subsidies are not sufficiently large to 
change the comparative advantage relationship among soils. 
T
ab
le
 1
3.
 
Su
m
m
ar
y 
o
f 
r
e
s
u
lt
s 
o
f 
m
o
de
ls
 i
nc
lu
di
ng
 s
u
bs
id
ie
s 
fo
r 
c
o
n
to
u
ri
ng
 
M
od
el
 
It
em
 
A
 
D
.l
 
D
.2
 
D
.3
 
P
ro
du
ct
io
n 
c
o
s
t 
62
,6
26
 
62
,6
26
 
62
,6
12
 
62
,4
46
 
(1
,0
00
 $
) 
Su
bs
id
y 
c
o
s
t 
0 
·
O 
16
8 
34
2 
(1
,0
00
 $
) 
T
ot
al
 l
an
d 
c
ro
pp
ed
 
66
7 
66
7 
66
7 
66
7 
(1
,0
00
 A
) 
A
cr
es
 c
o
n
to
u
re
d 
0 
0 
16
8 
34
2 
(1
,0
00
 A
) 
~
 
V1
 
Se
di
m
en
t 
de
li
ve
re
d 
1,
13
6.
6 
1,
13
6.
6 
86
3.
2 
78
0.
1 
to
 C
or
al
vi
ll
e 
R
es
er
vo
ir
 
(1
,0
00
 t
o
n
s)
 
A
ve
ra
ge
 g
ro
ss
 e
ro
s
io
n 
20
.0
 
20
.0
 
14
.4
 
13
.0
 
(to
ns
/a
cr
e)
 
46 
A second set of solutions including subsidies (Model set E) assumes 
that subsidies would be paid for terrace construction as well as contour-
ing. The terrace subsidies are expressed as percentages of the terrace 
construction costs specific to each soil. Three levels of subsidies are 
specified, namely 33 percent, 67 percent, and 100 percent of the terrace 
construction costs. The three levels of subsidies are compiled with 
either of two erosion limits, no restriction (Models E.l, E.2, and E.3) 
or a 3 tons/acre limit (Models E.4, E.S, E.6). It was hypothesized 
that the effects of the subsidy may differ under the erosion standard 
compared to the unrestricted solution. 
A summary of the results of several of these solutions is given in 
Table 14. The model solutions for the lowest subsidy levels are omitted, 
since they present no new information (the solutions are identical) com-
pared to their respective base solutions without subsidies. The solutions 
of the baseline model including subsidy payments for contouring and ter-
race construction are identical to the solutions obtained if subsidy pay-
ments were given for contouring alone. Thus, the subsidies available 
for terrace construction are not used and no terraces are constructed 
in the absence of soil erosion standards. The results of this run specif-
ically indicate that the construction of terraces will not result from 
the mere availability of a cost subsidy, but will rather depend upon some 
additional impetus. This impetus may take the form of social pressure 
upon the landowner or some more direct pressure such as an erosion standard. 
The results of the model in which subsidies are available and an 
erosion standard (3 tons/acre/year) is enforced bear out the last conclusion. 
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In the 3 tons/acre/year model, the availability of a subsidy creates 
additional terrace construction beyond the amount required to satisfy 
the 3 tons/acre/year limit. In fact, at the highest subsidy level, all 
row crop production occurs on terraced land, except for the acreage of 
row crops grown on the bottomland. 
V. S~Y 
Field crop production necessarily has a very intimate interaction 
with the environment. The intensive production processes presently used 
in producing field crops can cause certain undesirable environmental by-
products. These by-products may reach levels sufficiently high to cause 
concern about the ability of the environment to assimilate them. The by-
product studied here is soil erosion. Soil erosion is an inevitable 
result of tilling the soil in crop production. However, soil erosion 
can be controlled and reduced to acceptable amounts by good management 
and conservation practices. 
The alternative methods of causing such controls to be instituted 
will have various but unique effects upon the costs of production and the 
environment. The objective of this study is to evaluate several alterna-
tive policies which might be used to reduce soil erosion and sedimentation 
in the study area. The effects studied include the degree of control 
obtained under each policy alternative, changes in production costs, 
shifts in the location and methods of production and changes in land use. 
The study uses a linear programming model to simulate the field 
crop production in a watershed of the Iowa River in East-Central Iowa. 
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Specifically, the study area covers 938,050 acres or about 1,466 square 
miles and constitutes the drainage area of the Iowa River between the 
Marshalltown River gauge and the Coralville Reservoir. 
The restraints of the model include a crop output level which had 
to be obtained by the crop production processes of the model. Other 
agronomic and physical restraints also are specified. The objective 
function minimizes the costs of crop production in attaining the environ-
mental and other restraints specified in the model. 
The model results indicate that crop production costs will be in-
creased if pollution control policies are imposed and enforced in this 
particular location. Table 15 shows the specific increase in production 
costs associated with the alternative policies. The imposition of a 
10 tons/acre gross erosion limit (Model B.l) reduces the amount of sedi-
ment delivered to the Coralville Reservoir by 68 percent while increasing 
production costs by 2.5 percent over the baseline solution values. A 
5 tons/acre limit (Model B.2) will lower the sediment delivery by 83 
percent while raising costs by 8 percent over the baseline. At the 3 tons/ 
acre limit (Model B.3), the biggest jump of costs (17 percent) is estimated; 
this is accompanied by a 91 percent decrease in sediment delivery relative 
to the baseline solution. The model (F.6) with the lowest amount of sedi-
ment delivered (a 92 percent reduction from the baseline) also shows the 
highest cost increase (22 percent over the baseline value). 
The results of this study indicate by how much agricultural pro-
duction costs in the study area could be increased by the imposition of 
environmental standards. Because such large cost increases could have 
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Table 15. Sediment delivered to Coralville Reservoir and production 
costs in selected models 
Model 
A 
D.2 and 
C.l 
D.3 and 
C.2 
B.l 
C.3 
B.2 
B.3 
E.5 
E.6 
E.2 
E.3 
Sediment 
delivered 
(1,000 tons) 
1,136.6 
863.2 
852.5 
780.1 
568.3 
364.5 
284.2 
193.6 
104.5 
104.3 
95.2 
a Includes subsidies if applicable. 
Production 
a 
cost 
(1,000 $) 
62,626 
62,780 
62,775 
62,788 
63,264 
64,212 
64,994 
67,911 
73,139 
73,207 
76,524 
serious repercussions upon the viability of the affected farm businesses, 
it is imperative that a determination be made on the relationship of 
these costs to the environmental benefits which would accrue from a reduc-
tion of the agriculturally produced pollution. Only after such a determin-
ation can a truly optimal environmental policy be chosen. 
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